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276 UT-TRAFLLTRAIION APPLICATIONS " ' 

r«A/e Uitraftttraton of anim&i processing industry waste stnam *^ ^ f3 <5> " 

using Ka//e PA-40 uitramration membrane (Source: Beer, 1973}, ^ 





Feed 


Rctcntflts 


Permeste 


Percent 


Component 


(gm/U 


(mg/U 


(mg/U 


Reduction 


COD 


14.514 


76,000 


3.677 


75 


Fat 


3.700 


14,600 


84 


88 


Protetn 


3,100 


15.500 


ZOOO 


38 



treatment or surcharges. The retentate can be sold as •'brown grease," or 
incorporated into animal feed, fertilizer or as a soil conditioner. 

Gelatin is another animal processing industry product that can be pro- 
cessed by ultrafiltration. Gelatin is not exactly a waste product, although 
it is obtained from animal by-products tliat are not ordinarily consumed. 
Gelatin is widely used as a glue, in pharmaceutical preparations, photo- 
graphic products^ ani of course, in its edible form, a^ a popular dessert. 
It is manufactured by aqueous extraction at high temperatures, using 
either add or alkali, from the skins, hides, and bones of animak. The ex- 
tract is typically dilute, about 2-^% protein, and contains high quan- 
tities of ash. This gelatin extract must be de-ashed (usually by ion- 
exchange) and concentrated (by evaporation) to yield a product of about 
90% protein, less than 0.3% ash and no more than 10% moisture. 

Ultrafiltration has a numb^ of specific applications in the ^tin in- 
dustry: (1) Preconcentration of the dilute extract solution prior to 
evaporation, (2) simultaneous reduction in ash components, thus op- 
grading the product, and (3) reduction in lower molecular weight com- 
ponents to improve the gelling properties of the product. In addition, the 
overall yields can be increased. This can be done by increasing die 
number of extraction stages. The extracts fmm the additional .'toges will 
have a lower solids content, which would normally be unecononricai to 
process. The Cr. values of gelatin are 20-30% protein, which limits prac- 
tical ultrafiltration to about 18-20% protein. in tlie retentate (Figure 



Tabie 8^. Analysis of water samp/as from uHrefHtration of pouhry 
wastewater (Shih and Koxini^, ISfTB). 





Wastewater 


Concentrate 


Permeate 


% Total 


Component" 


(m^/trter) 


(mg/tfter) 


(mg/Iiter) 


reduction 


TS 


1278 


S386 


240 


85 


COD 


1968 


9116 


131 


96 


Ash 


104 


278 


48 


63 


TKN 


82 


372 


14 


86 


Protein 


432 


2013 


37 


94 



^ Tom sotv^ COD: cftsmical oxygen oemand^ TKN: totai KheidaM nitrogen. 
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8.27). This usually implies a 50-80% reduction in volume. However, 
owng to the large increases in viscosity, it may not be practical to go 
very much above 10% protein (Poulsen, 1983). 

Flux with DDS plate units averaged 4-18 LMH for the GR8P mem- 
brane and 10-60 LMH for the GR6P UF membrane over the range of 3- 
20% gelatin concentration (Akred, et al,, 1980). Donnan effects play an 
important role in the ultrafiltration of gelatin. Negative rejections of 
calcium occurred below pH 4. and sometimes calcium rejections of up to 
-380% were obser\'cd {Figure 8.28). Most negative rejections were ob- 
tained at low pH and high concentrations of gelatin. The Donnan- 
enhanced transport was increasingly counter-balanced as the membrane 
became more gel-polarised (e.g. , at higher transmembrane pressure and.^ 
or higher gelatin concentrations). pH values above 4 tended to strongly 
reject the calcium, due possibly to the binding of the calcium to the pro- 
tein, which has a net negative charge above its isoelectric point of 4,5, 

Flux with Abcor spiral- wound modules is 50-80 LMH at 2^3% gelatin 
concentnition, transmembrane pressure of 30 psi, a pressure drop of 20 
psi per module and a temperature of 50C. It drops to about 3-4 LMH at 
18% gelatin concentration. An economic analysis of Ihe process bv 
Abcor, based on a 20,000 kg/hr plant feed capacit>\ indicates a potential 
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1* Stat#<»f-th0^rt of gelatin production 

The term ^gelotme" was first oicoiintcred around 1700, and is derived from the 
Utm word „gelato", nameiy JrwxT Or ^gid". TIm fiat report of technology 
uBed far edible gelatine production goei back to 1685, although it w»a 1S7D before 
it was difloovaed that gelatine zs a protein. 
I Today; mere than 160^ tonnes of gelatine are produced throu^tout the world 
j every year. Of this figure, appiax. 65% Is used in the food Jndustiy, 2D% in the 
^ pharxnaccutical industry and 15% in the photographfcinduste^ 

I S^arators and decanters are xised in the prcwess of manufacttiring geiatsne; tfiey 
^ j meet the usaw" needs in respect of continuous operatic 

Installations using eetmifugal separation technology perfbnn their tasks more 
simply in cQn^iajisaQ wi th filter In stallatiDns, 

This pro^ectus details the various process suges in geladne production. In 
parttcular, the prospectus explains the use of centrifugal separators for soh^ing 
various prohlems of separation. 



1.1 Fields of 

application for After having been dried, gelatine is soW as sheet geiadne or in various grain sizes, 
gdatinQ whereby the nature of *e gelatine is particulariy iaipm Unt fcr the customer* 

Most gelatine is used in the food industry: 

— Confecticmcry 

— Beverage industry 
Dairy mdiistry 

— Baking products 
—Meat industry 

Tlie phaimaceuticai Industry is a second area of applicaticm for gelatine: 

— Capsules 
-*Tableis 

Coated tablets 
«<*C«latine sponge 

— Btood substitutes 
*^DSetetics 

— Cos ne tics 



Gelatine is also used in the photo industry, where it is known technical geiatbe. 
The difference between technical gelatine and edible or pharmaceudcal gelatine is 
thit the food technology aspects of the gdatlM are not essentiai to the same extent. 
The ether paraineterssttdi as Bloom aieffident viscosity, colour, darily, pH value, 
etc. are applicable for borfi fields of production. Ihis is one reason for many 
manufacturers of tachnicaJ gelatine to make no distincdan^ as it can be 
manufactured from type A gelatine as well as £zcm type B gelatine, 

IhiA gek tine is used for ttic production of*. 

— Film products 
— Paper 

Printed products 
— Ubojatoiy articles 
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1.2 Composition Gelatine Is animal {«cieia « v«xy pure faim. and is thu« a ptodust with a verv 
Of gelatine "^^"^ °^P^ The basic subatonee nqantd for jnodudng seJatiaa is coUacm 

C^gro 18 the Bttst omrnton protein In animds as well as in humans («rou«d 
30%). CoUagm fa fDund in pwticularly high concentrations in gdafe* material 
5ucn 89 boneg, skm axid connective tissue. 

As is the With any ptotdn, *e basic modufes of coUagm are ami™ adds. A 

analyas mdidtes that gelatme oDn«ists of appmx. 84^90% protein and )- 

-1 2^ mln^ salte. The r«nai«der is water . li does not ccntairx any preservatives or 
omer additives, and IS 6tea^ cholesterol and purines. 

TTia fact th« gelatine protein is made up of vorioua amino adds is parttculAriy 
nufritionai physiology- Of the ten essentiai amino adds 
whidi the human wganlsm is not ahte to fonn iteeif, edlhlc gelatine alone contains 
mruj; they repwseit approx. 23% of the total gelatine-piotein content. 



Hg^muStratMncf 
average values of 
amino adds 



•Amino Add ^yyi \pt^ tion 
of gdatine 


Average value of 
amino adds in % 
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ArKtnine 




Aspara^tinic add 




Cyytein 
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Cystin 


0-1 


Qutaznin add 


a.4 


Qvdn 


27.0 


Hyatidin* 


0.8 


Proline 


16.0 


Hydroxywoline 


IBS 


ISQleudne* 


3.5 


Leudne* 


3:5 


Lywae* 


43 


Klelidonine* 


0^ 


Fhenylalasine* 


2.4 




4.1 


Thraonine* 


Z2 


liYPtophane* 


0 


Tymine 


03 


Valine* 


2.7 



Hie fact thftt tryptophane U the only essential aniino add which is almost 
completely absent in edlbic gelatine means that &c biologicai value of edlbie 
gcUtine is low. However, it becomes a full-value protein togethor with oihgr 
protein media. In consequence, it is tiot regarded as a food additive, it is regarded 
as an indopeftdent foodstuff* 
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2 Raw material 



Sdected bon^ «lf and«ttle skins and pig 3kin strips are used the inaln «w 
raw maeerfai are itecessaxy for the production of 1 kg gdafee. 

Pig skfn strips 

a« Stained dlher fresh and cooW w ^ 
stortd m the saraa state in a refrigerated facby until 

CaW and cattle skins 

ar« deaned in tte taimeri« and w 

IS used fOT leather, v^hsrw the undsaide, which virtuaily pure eolhg«n, ia 
«tceH«it for the productzon oi gelalme. This split ifl preserved witfi salt and quick 
lime and stored until it is processed- r «u yuitx 



fresh bones 

are cooled and gent in this state by the shortestroute 6^ 

proce^rs to spedally designed de£Eiiiing instailatiana. where they axe procraaed 
immediirteiy* Ths bo(nes axe broken down gcnt^, washed and de&tted with hot 
watec whereby the tmperahire of Ae wate doe& not exceed 70 »C duting the hi 
extraction process* Before they are dried, the bone pieces are sorted into dj£faent 
grain sizes, and they are then dried and stored. The suhaequent treatment of this 
raw TOterial over several days with dihifced liydrodiloric add at low leomeratures 
(maceration) remorves pho^shate mineraL 

After neutralisatifav the demineraliaed bones are available as so-called osselii for 
gelatine producliDrL 11» dvcalcmm pho^ihate which is obtained as a bv-pxoduct is 
A vakabie ioddcr additive. 
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3 Processes for gelatine product! n 



There are two basic types of pre-treaaxxsnt us&d in the production of gelatiAe. On 
the one hand, th« alkalin method is used for type B gelatme (basic). On the other 
hand the add procedure is used for type A ^iatine (add). 



Alkotine process 
Type B gelocine 



I 



Acid pWftSS 

Ty» A gelotifte 



Split BOTAS \ 

— , — ^^f-j 

I i 
I ■ I ■ 

liuing ppoceas-^— tfoshing 

i I I 

I I i 

Stag© fixcroction — — OSMfn '■ 



1 



Pfg skin strips 



! 

Uoshifvg 

I . 

CoBDinution 

\ 

Hydrolysis 

i 
I 



If 



Ft^tJier traocatnt of the geiotine 



JFvg* Flow 5heet illustrating gelatine production 



3.1 Type B 
gelatine, aikaJine 
process 



In order to remove preserving salt, cattle and calf ^Ht is washed, broken down 
?nd treated by the so-called liming process. The effect of lime hydrate over 2-4 
months portxidly breaks dortvn the polypeptide drains into smalier fractions. In 
addition, the existing cross links between the chain molecules in the collagen 
protein arc also partxally broken down, whereas ail non-proteins and associated 
piotdns aze removed. 

Ute pre-tzeated material is washed and neutralised, and die salts which have 
occurred are washed out The pfoduct is then ready for the extraction process. 
As the water is replaced more than 20 times during the pre-ircatmcnt of the raw 
material, approx. 1000 1 water are requtzed for 1 kg gelatLn& 

The process described above is ai$o appbcaWe for Q$sein. However, the aikalixus 
process tak<?fi only 1-2 moivtbs as the maceraticn process has already acted on the 
polypeptide chains. 

Howeverr add treatment can also be vatd for the ossein. 
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3.2Typ A '^^P'^yf^^^^omiTumme^ 

g fatin , acid stnps; becmsc of khHir relatfvriy tow tg^ pig sJdn strips ^ mo4 suA for 

treatment retraction m compaiwon with the tiitw-consuming pxocess used for cattle ot calf 

skins. 

The single-stage method is based on macerating and bwaJang down tte raw 
collagen by the actim of strong aidd; the broken dmra pig skin alrips a» placed in 
an approx. 3% add solutiOT for around 2d hoiaa. the acid treatment, the 
excess acid is partially neutr^iiwd and the salts are also washed o«t by means of 
repeated washings with water. 



4 Extractfon 

Th« matwiais which have been pre-treated in this way are mixed with hot water 
and are then treated by means of discontfanious stag* «*tiBction. A thennal protdn 
d^aturafaon process IS initiaied when the Mierials are heaeed in an aqueous 
solntron at pH 6X}-L5 (split and ossein); the aim of this process is to break down 
the hydrogen bond sy^iem which is the most important stabilising foctor of 
5trticture, although the process is not designed to break down Sic peptide 

The pig skin strips are extracted at pH « - 4^, which means that there is a partial 
overlap between the intemai breakdown of milagGn and thermal protexn 
denaturisation. . ^ 

D*mng die extraction process for ^iit and ossein, ttie thorough precdeaning process 
means that Uteris are hardly any residues. On the other hand, during the extraction 
process of pig skin strips, residue* of up to 30% fet and 2-3% protein are likelv 
depending on the composition of the raw maierxals. 

Starting at 5(rC toui as fte temperature rises. 4 - 5 lacWngs are taken off in the 
I form of an a pprox. 5% ge latine sointion, whereby the gelatinising power of the 
gelatine reccvercdin this way d«danes m each successive racking as a icstdt of 
uicceasing themio-hydiolysis; in consequence, the individual rackings are 
processed separately. ^ 

The foitewing diagram inusfa-afces that the gelatinising power of the gelatine 
declines as a result of increasing thctmo^tydrntysis. K6r this reason it is 
'ecomxnended that the individual rackings be processed separately. 









-350 










.300 






-100 




•250 - 






- so 








< 

* 


- 80 
■ 70 


s 

0 


-200 


•At ^^^^"■'^^s^ V'-'^^''^ 




■ 60 




•ISO 




2 ■ 


- 50 


0 
V 


>4 

9* 




Q. _ 
1 


- ^0 
■ 50 


0 . 
0 • 

m 


•too *- - 
• E 






: 20 




- 50 - 


-11 




■ 10 









2. 3. 5- 

ftocfeinos of Ihe getcclne soiuciort 



FROM 



May. 07 1999 08: 14PM P10 
2313584650 P. 10/17 



5 Gelatine ciarifleati n 



5.1 Pre- 

ctarification and 
defatting 



It Is first of all important to teutovB fibres and^t residues from A« taw matcziai 
£n>m thQ geUtixK scduttcm obtained duim^ tb^ 




Hgi Instalktion diagram ' gelatinc-detatting and < 



The separating temperatore. th« DS corttetrt azid viscosity vary in th^ di£f(*n!nt 

rackin^s^ «id must not be d^ax\ged before centtiFugal scparatioru 

If skimining sq>aratoz3 axe to be usedL ii^fi gelatine brotiL must first pasa tiiraugh a 

OTe«ri in oEdw to renu3ve coaise partides whidt mi^ 

^disk stack. 



n5.Typ« and ratings of Type Nominal ratiag up to 
sel^deanins separators I^h 



MSD 9(m-076 


4000* 


SOOO 


MSD13(H)X-076 


6000 


7500 


MSD 170^1-076 


lOOOO- 


12O00 


MSD 20001-076 


12000' 


14000 


MSD30(Hn-076 


16000- 


ISOCO 



The proce» uses seif-cleanmg separators stidi as titiose ancountdted in the dairy 
industry. Separators with a «soft«tream inlet" guarantee gentle product treatment 
and excellent defatdng efficiency- The$z separators are used if a continuous 
productian process is t^^uired. Thz product is separated in the disk stack into a 
light and heavy liquid phase, and my soEds are dxsdxarged into the wlids space. 
The solids space features a dOuble<onicai design, and can be opened and do 
tfte sliding piston which moves axiaily downwards. During the production pirocess, 
die bowl can be opened and dosed at de&uible intervals by Wexing the sliding 
pifitcn. TixB soUds whicii build up aie qccted during this process. After the end of 
production, the separator is automatically denned chemically (dP - deanxng in 
place). Ope^alioa can be fully automated by means of appropriate control unitSw 
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Bowl oro$s-seciion ot a Mlf^cUaninff smiator 
TypeMSD 



iPftd 

1 Cenarip^ pqsip ioshcvvy liquid 
6 Disk stack 

12 Qqttn; wntffr ctwmfan- 
UFlttenvfiif* 




Pi 



Self-deaning csenttlfiigai precoat £ltea in wiiich the diatomaceous earth retains fina 
5.2Xentfif ugal impurities have preyiously been used for centtifugai pclishmg. Extensive trials 
polishing confinned d»t high-peifennance Hwrlfiecs of type CBA 160-96^^6 

CQnsideEably exceed tfie dari£catian pecfonnaixcc erf diatomaceous earth fileratixm 
and aldo extend the operating time of downstream ificy^rfiltratioru 




Fig. Installation diagram cetttri^igal polishiiig of gehime 



This considcrahie clari/ication ppriinrmaTirff is achieved by centiifagal acceleration 
equivalent to 15.000 times the earth's gravity and which thus aiables very fine trub 
partides to be removed. 
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Further advants^a of the higb-perfonnance dflrifien 

0 Constant througftpue ftitoughout the dOize production process 
o Self<ltaniii5 rfbowl and disks by meaiB of partial 
with a hydx&tilfcaUy actuated aimuiar piston 
o No costs incuzred fbr £] ter aids 

o No additSimal cosu fiof disposing of q?mi diatoxnaceou^ 
0 Taste not a£Eed£d by filter aids ' 

o Simpk and twwi^aving deaning by means of „CIF'' 
o Low personnel oosts 

Depending on the type of gelatine to be proceswd, this type CRA 160-96^6 
separator la auitaUe &v centrifugal pdishing of 700<VSOO0 1/h. 




5,3 Ion 
exchangers 



Ion exchangers fiUad with resins or analogue processes represent the next cleaning 
stage for specific applicaticms of the intended type of gelatiiie. Depending on th« 
spedfic rcqairements, it is possible to remove f*qlrreun and sodium Ions, add 
residues or other salts more or less completely from the gelatine. 



5,4 Layer Sheet filters as used in the beverage industry are used as the final cleaning stage, 

filtration 
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6 ConeantnH n 



riSS^ W evpontoi, « used fet «««n«bng the 

DS. to order » adnimis. th, Bloom loss dLng 

unflervacuuinandatateniperanjr8cf50-70*C "^j^aiumi™ 



7 Filtering 

car cBuuow putM, vrttod, ranova the renuMMag very fire sus^ 



8 Sterilizing 

^ to^tt^1-t^^'?50*^ig?" that they are 

» ]P«^. and th. solutions should „ot be kept ft this hiS 



9 Drying 

ThehigWy ctsncentrated gelatine solutions are cooled via so-ailed aczaped surface 
*^ sM they are pressed th»ugh a perforated 

J5J?if^^^^'^!f^'^ ^ A/drier bell. Ihis 

a the gelatoK IS dried gently at a tow lemperanire bv me«n^ 
3L ..^J^ aanniinjiy. The lesulhmt brittle gelatine is then broter 
and ground to a spedflc and standard grain aire. 



10 Cotmninutton, standardising, sorting 

FQUowin|3 physicat chemical and bacteriological check, the gelaime is released 
xor wdafiwtivB applications, in order to BaUsty the needs of individual customer, 
the gelatme can be connninuied. standardised and sorted in order to meet th« 
specmc requirements. 
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11.1 Processing 
th» residues from 
63rtraction 



1 1 Special processes 



In the eictraction pxocess of pig skin sti^s. lher« ace residues of approx. 15% fet 
and 2.7% undissolved soiids (fn rdAtkai to the initiai product). Together wifH tf^ 
thin gelatine, this residue oon&ists of Ihfifdiowing (at the ptaant of racking); 

Cefttrifugatlon sample; 




40%iat 



2 % emuisujii (by volume) 

28 ^ thm g«laime 

(2^ % DS) pH value S-0 - 5^ 



30 % solids (by volume) 



The Sow chart ilhistrates the individiiid stages of technology invxjh?ed in 
recovering thfi leaidues, 9s wcU as the ecological benefit and the use of the tinee 
phases ^ch axe obtained. The process can be optimised by breaking down Ae 
residues and heating Aem to the neoessaiy tenperature- A decanter is ihen used 
for separating ttie phsMS into pure fat dun gelatine and solids. The separated 
phase& are processed accordingly or sent to oilier proosss stages. 

Fig. Flow Sheet for ftw i du«& FrcB « erect i on 

recDvexing residues | 




Thin geUtine 
to protoinfecov^ry 



pat diffcher^O 



Solids 



Protein saac 
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Sox 4Qter 
on 



tluSSS " ^""^ ''^ ^•^<=l«i back ir.to 

;nw cmqxront cto be dried to n«^^ 

70% and afa t content of <10% pn«ri«rtiDn to PS content)^ content of ,pp«„. 




Hg. Installation diagzain of a lesiiiw pncessingJaie 



T5te sepantlng daamtat CA 4!KMM» cm l?e uwd for separatine the residup 
tmqwnshjna (or the CB3«H34^ft» tower dm«s^^ separatmg the resuiue 
■n^ phase which ia discharg«i (&t) <to«s not need to be treated for 

(33)0 1/h), It IS necessaiy to subsequent separate the fetpSse. 

In gela&w iiid«str7, the sepaiatins decanter enables the residues to be treated 

s^««^Ilje cental 

on the bowl wAl^ whe» a«y a« amveyod conJirmoualyto the solid, discharge by 
means of a soelL This thin gektine is drawn off ftoii the fiquld siSTSS 
phase which acannalates «, Ae cylindrical p«t of the dacanlK Sfaised 5a 
the internal ring dan. Both liquid phflsesareSargedSS^^ 

Separating decanter 
type CA 450>04^ 
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Th*} waflte dcanlng water which * 
2ij2 TrMtment of ^-J^^^otntian plant The /Ic^^^^ 

effluent ^iudi can be heated w£th tii^ l^^ oH mihi^t^ to 95 »C in a tank 

>50%) is obtained inre^C^ 21^;?^ (P^^ 

/at can be used techmcj /at (^StS^ P*^^ 



100- 



30- 

30- 
10-1 



15% toiuladon (by volume) 
pH value 45 -5-5 



0,1- 



JE^ Procesfiiftg of flotate in tfi* 
e«Iufflrt deaning plant (flotation) 



VOBh 



Fiototion pLcnt 



FLotace 



t 



Heater tonk 



?4 
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